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(54) [»Ht£>£$;] ^X^>g6ft^>JfcfU^;Wt^S:^-e©«S^ 



(57) [g^] 

R^**X«Ci-3o7;^;PT^f3, X#*St. Any 

rabs, ^(i)~(3)-ca$ti5^»^t^^feL<fi 



1. T5£l~3-C*$ti5, ^JRSr^44v^%L<r±^JR«|^o^«8©ft^» 




Xfifak*, APyy (&IL<ttCliL<ttBr) XttC 1 _ ao TA'*A'T?*) 
■5) 

2. &Jlttft:<0&Jia*3$£J|-?a> "9 , i*)jf*L<l4Ru, Os, Fe, R 
e%L<iiTc, £9=bttRu (II) , Os (II) , Fe (II) , Re ( I ) X 
i±Tc (I) , (II) , (III) , (IV) iL<tt (V) a»P>ft5»±D»tfn 

B»*qilKflB«©S:i~3©^«»-C&5, W<ttliO!)^m 

3. T5£4~13T?*£tt5&JR$f#. 



[MLL'(X) 2 ] (4) 
(iaf, MJIRu (II) , Os (II) , Fe (II) , Re (I) Xi4T c (I 
) "CfcO, 

L(i«T(-^»La-efe9, L' f4«Tt-$J£»L a , Lb, Lf, Lg, 



XfiNCS", CI", Br", I", CN", NCO", NCN 2 ", H 2 0, P (R 
x ) 3> P(R 1 ) 2 Sr-^tf!J3B r ^K©PJ;0a«ix, R 1 H*KftC 1 _ 30 7'A"¥>^, * 

[ML 3 ] (5) 

ChsW, MI4±fBS5£i^DT'fe^ LBLatUSLb-ffeS) 

[M LL'J (6) 
(±5Sf>, Mf4_hfBS^t^DT'fe?), 
Li4L a "?&*), 

L' i4«Tl-aS»Lb, Lf, Lg, Lht>b<fiL i-e*>5) 

[ML 2 L'] (7) 

Lf4La-C&9, 

L' il«T(-SS©Lb, Lf, Lg, LhfeL<BLi1?fc5) 
[ML 2 ] (8) 

US;*, MtiJifagi^t^Lr'foi9, 

LlifilTtSSOLctU !1L dt*,fe5) 



[ML L' ] (9) 
(±5£*, Mi4±|aa£i^CT'fe'9, 

L' SLe-L j 

[ML L ' X] (10) 

Li4L a-e&»), 

L' i4L e~L j tf&5) 

[M L L ' X] (11) 
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LJiL c-CfeU, 

L' ftLa, Lb, Lf, Lg, L h % L< (4L i T*&5) 
[L 2 M {N CM' L' 2 CN} 2 ] (12) 

M' itRu (II) , Os (II) , t,L<|4Re (I) ~Ch 9 , 

L' iiLa, Lb, Lf, Lg, Lht>L<liL it?foS) 

[LM {N CM' L' 2 CN] 3 ] (13) 

ua*, M&xm' ii-hES^fcl^C-efo^, 
Li4L c-Cfe?), 

L' iiLa, Lb, Lf, Lg, Lht>L<f±L i"t?fo<5) 

rr-CJilHLa-L j ttTS-e^S^S. 
y^VKL a 
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COOH COOH 




fl i 



R 

\ 




fttt&j&fjwsfcfcop #v Kt LT^ffi-rs. ^©^ y t?y 
m&&m - * * * ^iwb^ y t° y ^ y # > m# ti*fe» t urffl v > e, ^ s „ 
-eoJ:5**K:*Jv^-c, ii#£JS-*^*^B£fttfy try ^y Kit 

mmmt Lx<Dm&&m-*x*>mkxi) t°y >wy Kgg#©S£m# 
*^*vnfb-fc l< i4*°y try ^i^tt^s*ffijr^9 7 h u ^©)SA 



5*SC^*ft-5*^*-*- hS©ffi^«, -©'J K©J: DJKl&Hfc* 



-7- 



(RO) s OPy=r% /=^—PO(OR) 2 




(_k:£^ Ri±*iXI±C 1 . 30 7A'^i)!l, 

XfifcjC*, (jfftb<(±C 1 t)L<IJB r) Xf4C 1 _ 30 T/V^/VT?fc 

5) 

u, Os, Fe, Re^KliTc, t!9^itRu (II) , Os (II) , Fe ( 
II) , Re (I) XteTc (I) , (II) , (III) , (IV) , fcL<B (V) 

a»f>&5W«fc satins. 

[MLL'(X) 2 ] (4) 
(±5*;*, MiiRu (II) , Os (II) , Fe (II) , Re (I) Xi4T c (I 



) t?*>9, 

L ii^Ti^S© L a T*& 9 , L' ii«Tt-$j£»L a , Lb, Lf, Lg, 
LhtL<iiL 

XJiNCS", CI", Br", I", CN", NCO", H 2 C\ P(R 1 ) 3 , P (R 

[ML 3 ] (5) 

[MLL' 2 ] (6) 
Li4La-?&*K 



L' S^TdS^L b, Lf, Lg, Lh^L-OiL i "C&5) 
[ML 2 L' ] (7) 

Lt4LaT'&9, 

L' liKTCISOLb, Lf, Lg, Lh%L<}iLit*fc5) 

[ML 2 ] (8) 
ChsW, M[4±fBS£i^lLT'fc<9, 
L li« Tfc&JtW l c f> L < (4 L d T'fe 5 ) 

[MLL] (9) 

LttL c-efe*), 

L' »L e~L j -C&5) 

[ML L ' X] (10) 
US*, M&tFXHJilHSSt^lL^fe^, 
L !4L a "Cfc 9 , 



L' !4L e~L j X*hZ>) 

[ML L ' X] (11) 

LJiL cffcO, 

L' ftLa> Lb, Lf, Lg, L h % L< fiL i T*&-5) 
[L 2 M {N CM' L' 2 CN} 2 ] (12) 
UiSW, Mi4±fBSSt^DT'fel9, 

M' iiRu (II) , Os (II) , t,L<(4Re (I) X'h <9 , 
LftLa-C&t), 

L' iiLa, Lb, Lf, Lg, L h fc L < Si L i -C*>5) 



[LM {N CM' L' 2 CN} 3 ] (13) 

ChS;*, m&i>*m' n±fas^fc[sii:-efei9, 

L[4LcT*fc9, 

L' ttLa, Lb, Lf, Lg, LhtKttL it*5) 
^-?_hfHL a~L j HTST**$^5„ 
V1f> KLa 



(RO) s OP- 



PO{OR) 2 




PO(OR) 2 
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fl d 




-11- 



y#VKL i 




(±5£f, R' l4C 1 _ 30 TA"*-A'tL<H:7 3 i=A^?*>5) 



R 




m.-rz>ts 820nm &T<D&&<Dfom£hityt?<D+^x&ftm^\zmw.£hit 
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tmntftotc&mfc, ¥te*^8»(unit quantum yield) HZMfltf-* ^7 4 

9 -g^f-^^ffi^K 



it^^fcSfi- <#*L< S?|!l?yv->-btL<|l4«gi) ± 

®SL<lttSM) T i 0 2 jf l^itlM 

i) 2ootS, 1 oBS^r-i, 9 j&»o^fc < £ t>60%© 

# U £ <D 2 ootfii* ©M KnM9*U®-f 5 Hr * /wSrJ&a-fa i 5 

ii) *»-e»*bfc«SJii£*iii-?a 

i) (r©7^-/uAiW*L< SO. 1 ~50$?nvro 



-13- 



JPSlOS^nVfiLT) *3-hLT%J;v\ r<DStt«jK«>S8ir±, SffS^fcS 

^»L-C^«MroggttSr^A.Sfc«>K, zfy WttXtiV xf-w ( 
PS) , ^y^^^^^yu—h (PMMA) fcL<!i»^L<ii^y*-^' 

*-h (pc) ta-hutM 

JJSlXtt, IMBUK^^I (Haf»»!)i/-tLtfffflt5) fc^tr 



^ ^/V(2- ^"^f-y y v 5 / y) (NMO) , 1, -f 5 U vV V ( 
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DMEN) „ -fvi\£VV)J—it^— K ^ U>%— /J?^— hRXf^ ?7Hfn 1) 
ft3„ J;9»*U<I±, »S7T^-(±10~100(n?fe^ *t»£L<(±50~ 

500 -e&5„ ff*u<», r»^yitt2oo^»HioM^tgf 

gcDSffi(-P:i't6^5„ loroJSB, Stalder and Augustynski CO J. Electro 
chem. Soc. 1979, 126: 2007&l«fflf?!| AiClEft ^fl/CI^S V>- ^VWSTfc 5 

S_hfRjI©^^15mi%«T«-'(ffi^ L< (±3«^M^ K-T'StbSr t^S 

-T-<T©T i 0 2 JfHiiffl«Atffi«»y/V-yVvSxirii9?fM1-S„ 
0£L<fi, iS(-t^tl5T i O 2 g»SH10~lir*fcS„ SftKli, Ti0 2 



(±10-20 t> u is) x~h% 0 

— h fi. r©:/^- htfS£?*L< (±60-99%, J; !9#*L<i±85~95% ©«]"$* 

mmm*^irz, ± 5 ftSiitte^ewjiasRit e>*i,s t'©± 5 4SB4^7 

A/cm 2 *?i, »£L<f±l~-103f- A/cn 2 <0*B^n;SrW-r5 o £J£L<(±, 
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ers J:t>A#W?$>5„ 

t^IOOO) ^/ffijgcDT i 0 2 7^A(J|L£8~12/*m)ffl»«##it)«$J£ Lt 

x^^A (ii) ©WttiSWicAifCfca. i0n©i|MI^3-b**Lfc-?-/flfiiT 



3f5©££ig * t -T 5 ft lift I- 5 «5fL8b* ZmtiT 5 „ 

#J£ LTW^^tbTf t^(2,2'-t'tl^);Vfs>?A (II) ^frcD 

0 *©^WSStt&TJ«^»ffi@#tw#jii«ffi^*©»S$ttS«Ji:L-C, 



m»ifim<Wt^tiX^hV^V^Ru (II) »iOttW;M 
5ifflffi*i4KT© t *5 9 Xh So 

1. ^tb<i4*?y^-, DNA> RNA> XflffiCD/K 1 ;^^ U^K„ n 



3. WtST i 0 2 , ZtiO, Nb 2 O s> Fe 2 0 3 , I ^Og&t/^^agtt 

IMb*©J:5*«fl:*©«ffl. ***^$Mb-,&t^y tfy -^Ht^u, 

ft, RXfM%? D^r/W^.(electrochromic device) inffll/^ 5 

fc ft l" K y * * 5 u-ffl ©U^KfcUTffi^feiia. 

ny^jfr**.*— K tKa^f I'y-^^^-h, i-t Kn^f-yif !) 
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99m T cmt&mm&><of$fc$:mgt& - t^-e§\ r cotg^&^-t-s 

t-#(in vivo) tdo^TffiiHI:^ KWffitt^ 5 £ 1 4< @Kl t -rSffWfcS 



2,2'- tft°y iSl/-4,4'-\?Z. (V^/Vfr 1 <Dit^) 

0. 47g ©4,4'- v>:7*P^-2,2'-tffc°y v>>" (1. 5mmol) (G. Maerker, F. H. Case (O 
J.Am.Chem.Soc. 1958, 80, 2745 KUHfch 0. 18g ffl^7^ATh7^M) 
7 >(0. 15mmol), 0. 56g COIE U V^i^fvK4. ImmoD&tKO. 42g 

CO b y ai^/VT 5 >(4. 15mmol)%T^=!'>Sr^Lfc, ^— ;V K7 -T (10 

cm) AnMumnrnzmz-tz 5mi©77^^ ciAtLfc, r H^ccDrnm^r- 3 

B^fUIMLfc,, "> P # *7* )V~f V — h CO T L C (D CM : M e OH (10: 1) , R 
f La =0.64) -CS££^=^-Lfc 0 rftSr^SKS U 0^ L/t^^£r 8 

BLc^p^^y:^;^ (i : i) iztn*.. io#iwsi#Lfc 0 -inZM 

»fi«^!J*^*5A (DCM : M e OHii i 9 ^E^W) Wpv>^ 
77lCfrtf y 2,2'- fc*t°!J ^>"-4,4'-t*^ (i/^^V*^*^— h) (La) 5: 
^fr®#«g£itfS«Lfc (0.27g, 53%(*£J&4.4'- 2' -If fcT !> 

^ViCO^-CfitjELfc)) „ *JJW©Sf^*»e>*SlSW»«9K^|plJR$nfc(0.1g) 

1 H-NMR(CDC1 3 ):1.36(12H, t,7Hz), 4.20(8H,m), 7. 72 (2H, ddd, 14Hz, 5Hz, 1Hz) , 8. 
77 (2H, dt, 14Hz, 1Hz) , 8. 84 (2H, dt, 5Hz, lHz)ppm 

13 C-NMR (CDClg) : 16. 34 (d, 3 J c _ p =5Hz) , 62. 79 (d, 3 J c _ p =5Hz) , 122. 84 (d, 3 J C _ P =9H 
z), 125. 65 (d, 3 J c _ p =9Hz), 138. 72 (d, 3 J c _ p =186Hz) , 149. 58 (d, 3 J c _ p =13Hz) , 15 
5. 71 (d, 3 J 0 _ p =14Hz)ppm 
31 P-NMR(CDC1 3 ):15. 06ppm 

MS(IC):m/e(rel. int. ) 429 (M+l, 44.82), 428(M+,5.7), 386(19.8), 355(5.0), 33 



5(5.9), 321(3.2), 320(24.8), 314(9.0), 305(4.9), 292(100), 291(4.9), 281 
(9.3), 264(4.5), 248(5.3), 236(13.9) 

, 218(8.1), 217(3.2), 216(8.5), 211(2.6), 188(14.7), 176(9.5), 157(10.7) 

, 151(3.6), 147(4.3), 109(8.3), 98(15.5) 

C 18 H 26 N 2 0 6 P 2 428.36 

VrW-W. : C 50.47, H6. 12, N6. 54, P14.46% 
MWM : C 50.67, H6. 25, N6.69, P14. 50% 
(^ai^/Hf /fr**.*- h : T. Hirao, T.Masunaga, Y. Ohshiro 

, T.Agawa, Synthesis, 1981, 56) 

^'P^-2,2'-et: o y^V-4'-*^*^-h (5t2<Z>fL£-« «S 

2.0g©4,4'- -^^13^-2, 2'- If fc"!; v p V(6.4mmol), 0. 9g£V?7 At b- 7 
=3r^ M) 7i-/V*77-f y(0.8mmol), 3. 14g <DWV ^Hv^^A^Smmol) 
<^2. 34g © h y ^>VT 5 >-(23mmol) £T ;1^>£^ Lfc, =J-;V K7-f ^# 
- (10cm) &t«Mf #*£«;ifc50uil»:7 9 X a ^Afrfc, r tbSr98 t C<D»l»± 
f3WMLfc. i/}) V — hCTLC (DCM : Me OH (10: 1) 
, Rf La =0.73) T'S^S^-^- Lfc 0 rtL-Sr^i&i^M L, HftLfc^fe 

a@^*>-y*^VW*7A (DCM : Me OHiriO&Jia^ffi) "C^P-rb^ 
7 7l^W, v?a;^/V-4- 7*^^-2, 2' -t*t°y v^-4' h (Lb) £r 
^tfH^*3lK«**«SILfc (0.79g , 40%) . 

«£ "5ffitt©^V^H^2,2'- lft o y-i?V-4,4'-t*^ (i^^/V^^-H ( 
La)(0.97g , 44%)aS&fiH#fcLT)WiiSftfc. ai»l«)W»i6»fo*RJKW* 
«MtaSEHlSilfc(0.34g, 6%). 

1 H-NMR(CDC1 3 ):1.20(6H, t, 7Hz), 4. 05 (4H, m) , 7. 32 (1H, dd, 5Hz, 2Hz 

), 7.56(lH,ddd, 13Hz, 5Hz, 2Hz) , 8. 32 (1H, d, 5Hz), 8. 44(lHz, DT, 3 J p _ H =15Hz, 1. 5 
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Hz) , 8. 65 (1Hz, DT, 5Hz, 1. 5Hz) ppm 

13 C-NMR (CDC1 3 ) : 16. 02 (d, 3 J c _ p =6Hz) , 62. 39 (d, 2 J c _p=6Hz) , 122. 52 (d, 3 J o _ p =10 
Hz), 124. 18 (s), 125. 34(d, 3 J c _ p =8Hz), 126. 87 (s), 133. 49 (s), 138. 44 (d, L J C _ 
p =187Hz), 149. 10(d, 3 J o _ p =13Hz), 149. 65 (s), 154. 78 (d, 3 J c _ p =13Hz), 156. 05 ( 
s)ppm 

31 P-NMR(CDC1 3 ) :14. 82ppm 

MS(IC) :m/e(rel. int. ) 373 (2. 5) , 372(9.3), 371(3.3), 370(M+,8.8), 328(20.9) 

, 326(20.0), 299(17.5), 297(17.8), 264(10.4), 262(16.5), 237(12.3), 236 ( 

100), 235(23.2), 234(98.9), 208(9.4), 127(6.8) 

C 14 H 16 N 2 B r 0 3 P 371.17 

ff-jfjjt ■ C 45.30, H4. 34, B r 21. 53, N7. 55, P8.34% 
MWHU : C45. 35, H4.38, B r 21. 41, N7. 61, P8.39% 

I1M3 

>?3i^;V-2, 2' :6, 2"- X^t°!J h (S; 3 ©^t^tl) ©S£it 

2.55g ©4'- 2' :6, 2"- TVVfc" V *J> (8. 2mmol) , 0. 6g©/~?7 W A 

T Yy$:^ V V 7i^*X7^f y(0. 5mmolh 1.9g©&!) ^v^^M2. 04g, 
15mmol)S.m.52g <DY3 jx^vVT ? > (2. 1ml, 15mmol) ^T;V=f>^r*±i Lfc, 

K7 ^ (19cm) XtJ5«K^a*t«Sr#^fc50ml©AJS7 7Xn i^A^fc 

„ ^^95t:©ffl?S_hr*3^ML, fStILt gHk Lfc?Sl§-^)£r25ml© 
^/-/WadPx., (DCM : M e O H(£ £ 9 &)g«gffi) "C^ 

n-v b^77tr^tfc„ : 6, 2*- 5vHf U b £ 

£tfW£*3lK»£tt«RLfc (l.7g) 0 



^»©H^^*SJSffi^*K^[sIlR$tl,fc(0.57g, 72.3%(*®£4'- -7 P 
^E-2,2'6' , 2*- f/Hf!) ^V^O^-OjtiELf;:)^ 
mp : 140 °C/152 °C — /V) 

1 H-NMR(CDCl 3 ):1.35(6H,t,7Hz), 4.21(4H,m), 7. 30 (2H, ddd, 7. 5Hz, 5Hz, 2Hz) , 7. 
82 (2H, dt, 8Hz, 2Hz) , 8. 56 (2H, d, 8Hz) , 8. 68 (2Hz, d, 4. 5Hz) , 8. 82 (2Hz, d, 3 J p _ H =l 
4Hz)ppm 
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13 C-NMR(CDC1 3 ) :16. 29 (d, 3 J c _ p =6Hz), 62. 58 (d, 2 J c _p=6Hz) , 121. 11 (s) , 122.58 
(d, 3 J o _ p =10Hz) , 124. 00 (s), 136. 70 (s), 139. 54 (d, ^^lSfflz) , 149. 20 (s), 
155. 27 (d, 4 J c _ p =2Hz) , 155. 79 (d, 4 J c _ p =2Hz) , 155. 79 (d, 3 J c _ p =14Hz) ppm 
31 P-NMR(CDC1 3 ):15. 59ppm 

MS(El):m/e(rel. int. ) 370 (6. 8) , 369(^,29.1), 339(2.8), 324(1.1), 312(2.0) 
, 308(1.0), 262(2.2), 261(11.5), 260(6.3), 259(2.3), 234(18.6), 233(100) 
, 232(7.6), 221(1.5), 156(2.0), 155(5.1), 130(2.3), 129(12.5), 127(15.9) 
, 105(2.3), 102(2.7), 101(2.1), 75(2.7) 
C 19 H 20 N 3 0 3 P 369.36 

VrWiU ■■ C61. 79, H5.46, Nil. 38, P8. 39% 

mmiU : C61.86, H5.42, Nil. 27, P8.50% 

2,2' :6', 2"- Tfr^V v^-4,4',4"- MJA^jR^lfe K4©ft^i) <DWt 
fc° U v^(3. 7ml) 4J©278mg ©4, 4' , 4'- MJ ^ ?VW2, 2' :6\ 2"- 7VVt° D 
V(lmmol) (P. E. Posevear, W. H. F. Sasse ©J. Het. Chem. , 1971, 8, 483 lzX<0M 
if) ©$#ij££5. 6ml Of3^ytf©2. 7 g©f h7^7y*-|7Alvy 
^V»(7.5mmol)©ig}Sti»), 90t:tfc^T 1 B^45^WtTI£ft Lfc 0 rti 



T«iIU ^£358&£li:f£jSU gs@fe/&7k (2X10ml) , -<Vi?V (2X10 
ml) &U«^^nn^^>-(10ml)T'3i^^lC^aLfco a^t)^7K(10ml) iCAtl, 
^~7-)V (3X5ml) fttaiLfc, *ffi&3j?38£'1i:ft«U ££>fc:ffl3Sfc(70 %, 
5ml)T140 "CKiS^T, 128^1^ - t tC«gBJ *«tif& L, (4X3ml) , SWfcLfco 

J:|Btaffi^33V^-riSSrlS3S$-&e«Lfc. y Xlffi&*0!S&, P H=3.5 

fc:fc^Tafet&*##fiU »ilU *ftU f^Lfc (137mg) 0 X H- &t>* 13 C-N 
MR b/V(D 2 0/NaOH^)t i t), r <D£(&*fi2, 2' :6' , 2"- X^tfiJi?^- 

4, 4', 4"- MJ */V^^i:4-^^/W2,2',6',2''-7 i ^t°y v^-4',4"- vo>7/V 
^>1£CD4 : 1 ofc. 

ills 
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a) LtfS2, 2'- fcft°!J v^-4,4'-tf.X (^^VHftJXsjv*— b) [RuL 2 ( 
C 1) 2 ] ©£-JE& 

^©igfrii, 52. 3mg(0 o 2mmol)©RuC 1 3 3H 2 0Stf 171. 2mg(0. 4mmol) © 
V-%>Y2,2'- ¥¥])i?y-4,4'-¥x (i^nfvvjfc**.*- h) £rl5ml©DMF 

*SiilLT«iI-f 5„ Sf«£j|£TT1i3il£-^ 1 : 1 Ti? h y/JJxf/Vx- 
xA-^»-J;<5 [RuL 2 (Cl 2 )] *£*&itB«IU 1 : 1 Ti? 

b) L^2,2'- tf b°U v>>--4,4'-tr;* (i?xf;v*^$y|0 TfoS [RuL 2 C 
1 2 ] (5U©ft^3)©^Sc 

ffr&*5b) ft, 4NOHC 1 «p-ca*T6l$HiaBl£i-5^fcl!:J:DJp*^IM- 
0 r©lg&2|ilift9jgu HCliS 



c)L^2,2'- t'f!)v ; y-4 ) 4'-^*yit^5 [RuL 2 (NCS) 2 ] (sU 

©ft-a-ft) ©^ 

jfefeT~t?205mg(0. 2mmol)© [RuL 2 (Cl) 2 ] £20ml©DMF iZWM U 243m 
g(3mmol)©f MJ ^fi>-7^- b £ 2ml©*(^? U rftSrJifBigiSmJP 

, Stiff So r©»?«(c:HC l O 4 (0.01mol)£r, ^©pH^l~2tC*5ST? 

, T1?b>\ &^T-i^^;t~7vVT«.£<*#-f.5 0 iWft^fcSrSi&t;:*?^ 
*KM6 
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a) [Ru C 1 2 (DMS 0) 4 ] (DM S O = v 5 ^ f F) C^i 

1 g©H*»H^fb'V7 l =^A^5mlWDMSO't»TlNflWaBK-r5„ 

b) L^4,4'- *?*=f-/V-2, 2'-trb°y [Ru (L) C 1 2 (DMS 0) 4 ] 
131© [Ru C 1 2 (DMS 0) 4 ] StflSIOi^- \?*<?-/V-2, 2'-t*t°y 



c) L^4,4'- i?^7-/V-2,2'-¥l?V -J^X-foV, L' #2,2'- fcTbf y v^-4, 4' - 
tf* (S?3i3vV****-I0 T'fcS [Ru(L)(L')(C 1) 2 ] ©-g-fifc 

1SS© [RuL(C l) 2 (DMSO) 4 ] (Lt*4,4'- i?^ ?7l-2, 2' -Iff U v 5 
ye*5) S.^ia*©2,2'- t*t°y ^>4,4"-^ 

tJ?^f^*A-Ar5 KCAii, i©^fe«*LT3~4^M*1-5„ n 
©^„ ^roSJC«a^*Sr«giie^5^SriiL-CiHii-«. c©««:&igSI£ii\ # 

d) L^4,4'- 5?^^V-2,2'-trfcr!J^>"eS)!9, L' #2,2'- t* tr y *J y-4, 4' - 

s?*^*>«-eab« [ru(l)(l')(c o 2 ] ©^ 

e) L#4,4'- v>^^-2,2'-t-b°y ^ffct), L' #2,2'- fcT t" y v?y-4, 4' - 
tf* (s^t^/v****— h) T'fcS [Ru(L)(L')(NCS) 2 ] ©£-(& 

a)L#2,2'- fcrbryi7>--4,4'-br^ (^a^vuft**.*- h) -efcs [rul 3 



-23- 



^tia. l3ifflRuCl 3 3H 2 OM3SI©2,2'- tf tf D v? >-4, 4' - If* 



— C^KSr^**, #e>*ifc@#:Sr4N«)HC l^WHL, 6~8^W 
»«fEt-5o n-^y-^^u-^— eSfii^»**, #6>;h,;fc0ft:«:O.Olii 
©NaOH*i$l^j|t5 0 #HC 1 0 4 SrJD^Tr<D^?g»pH^l~2}C 
-f£ 0 ^©79^3ft»JW*K:i2«FHIAn-rt5#, l:ffl«I£l:ML, ifc««ri!S 
^7*±(C*», T-fehVtf, Jk^t'^xf ^x-r/K'i < »t5. Z.(D 

mmms 

a) L' #Lh (R}4*^tL<}4C 1 _ 15 T/W^T*&5) T&S [R u L ' 2 (C 
1) 2 ] ©^fig 

b) L^2,2'- Iff ]) v?>-4,4'-t** (v?^/V***^-b) T'fef), L' 

h (Rtl7(t^tL<HC 1 _ 1B T^/vr'fo5) T-fc5[RuLL' 2 ](i6©^ 

Z.tl\X l^tro [RuL' 2 (Cl) 2 ] &m.5 ^*<D2,2*- tf tf U v 5 y-4, 4' 
-bf* (s^cfvW*;*^- h) *^#TDMF«f-C5l*M31«i-*rt^J;i3 

?r4NCHCi*ISi;g)lu 6~8^pMil*i-5 0 a-^y-^^p— ^ 
its* ^ wfk^*Sr^aKJ3^-cx^T-e 3 ismis**-*. 

a) L^2,2'- fcfbfy^^-4,4'-tf* (v^fvw****- H "CfcS [RuL 2 ( 
C 1) 2 ] 

b) L^2,2'- fcftfy -^^-4,4'-tf* (v^:?vw***^-H L' ^ L 
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h (Rii**tb<(ic 1 _ 15 T^/p-efc5) -efes 



[Ru(L) 2 (L')] 0*7 

-ftli, 13*© [Ru(L) 2 (Cl) 2 ] M1.5 St©LhlriiTDMF>C 

5 0 P-^y-3:^l^-^--T?SfiK&jjl3B§*, f&ilfclMNaOHOO. 
01m *^ffi(r^f-f-S 0 fHC 1 O 4 SrJP^Tr©igfg»pH^l~2ir-t-S 0 

a) L&i?^/V-2, 2' :6', 2'-T*fc' l J FT*fc5 [Ru L 2 ] (5$ 
8 <Dik&m 

*:6' , 2 /, -7VVt° ]) v?>-4" ft Sit 1" 5 - t 

b) 2' :6' , 2"-7VWfc? >J v=y-4'-*^*y8t$)5[Rii L 2 ] (5t8 

ztiK, Hl(itM5ctlW*K:L-C«ifii-5. 

a) L^^aif-/U-2, 2' :6', 2"-7VH: 0 0 b T?fc5 [Ru L (C 

D 3 ] <r>&$L 

rttfi, 200mg(0. 77mmol)<DRuC l 3 3 H 2 OS.t)*284iiig(0. 77 
mmol)© i) ^KLc ^IITif^7y^-;l/tf 1 ftlfilitl- 3 Zb\z£9 
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b) :6',2*-r/Vfc°D v^-4' , L' ^ y # 

VKLe (R(i*»fcb< (iC^gTyv^/VT'fcS) i91liJl5[RuLL'] 

i^it, l^fO[RuL(C l) 3 ](Li!4- (If*) if;V*^*ytft-2,2', 
6',2"-r;vf!) ^yt-&5)Wl ^i©L e (RtfcksSf t> L< ttC L _ 1B TA"* 

a) L ;$S v ; m^;v-2, 2' : 6' , 2"-T A- fc° U ^V-4' -Jfc ^ Jfr^ — b "Cfc 5 [RuL(C 

1) 3 ] <D&m 

4,4'- >>^fvV-2,2'-t"t°y v?VT*fo5[Ru L L' (C 1 

^*Ui, 200mg(0. 35mmol)(D^ft«12a ©£fifc&&t*83mg(0. 45mmol) ©4, 4' - 
v?^ fvV-2, 2' -tf tf U > ? >^^*T20ml©DMF ^T*6 ^S^-T S r £ i^i 9 



c)l^4- (t'x) ^^^^^^^-2,2', 6', 2"-^^^'; ^yefcd, L' ^ 

4,4'- ^^f-/V-2,2'-t-t°y i?yffc5[Ru LL' (NCS)]©M 

170mg(0. 27mmol)©^Kf!|12b £^J|fT(-:^T20mlCQDM F 

*f5 0 riDlSCN a NC S (300mg, 3, 7mmol) ©TkSgfig 2ml^rJPx-5 0 5 H#Fh1M 



a)L#Lj (Ri4**tsL<(4C 1 _ 15 TyV=3r/VT'feS) [RuL( 

C 1) 3 ] <D&f& 

aSftWSSftfflV^T, SDfcftllla t|HI«lcUT«j|Er<5. 
WLflSLj (Ri4**t>L<HC 1 _ 15 T^^-efc5) iOSfJH, L ' JSLa 

(Rtta^-A'-e&s) j;«9SHrna[Ru l l' (c 1 

c)L#Lj (Rft*#tU<ftC 1 _ 1H TA'*^ab5) ±5»tf*L, L' jiLa 
(Rfi^5VW?;fc5) iSIBJlSfRuLL' (NCS)]©M 



H1SM14 

a) L^!)^KLa (RBif /K'fcS) J;0atf;h/S [RuL 2 (Cl) 2 ] 

b) L^y*->KLf (Rtt**tL<ttC 1 _ 15 T/^/V-CS>S) J^jIttHS [ 
RuL 2 (C 1) 2 ] O-a-fig 

c) L/3Sy#>KL f (Rf4*^tL<i4C 1 _ i5 T/^/VT'fo?>) J^jIttHS [ 
Ru L 2 (CN) 2 ] cD^J5)c 

d) L^y^yFLa (Ri4^9VKC-&5) iDSffn, L' ^y#ypLf (R 

i47ft* i bL<iic 1 _ 15 r^/vr'fo5) i!)iiiW[L 2 Ru {ncrul' 2 ( 

CN) } 2 ]<7>g-J$ 
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a) L#^xf/H2' :6',2"-7VVh°i) b T*&5 [Ru L(C 

b) L«sy^KL f ±5SfJ^5 [RuL' 2 (CN) 2 ] (D-g-J* 



V KL f (Rity^XT&S) «fcr>3(i*l£[LRu {NCRuL' 2 (CN) } 3 

ztin, i^m<Dmmmi5a <D^mRm.s ^m<Dmmm\5b <D±f$m%g. 

^TDMF*T?5~8^IWjl»(E't5ri:fcJ;»)JiJS$ti5o 7"fe 

mZ^-xtTZ. m 1 K^H-3te«m«r£JlT<0 «fc 5 K LTMigi-5 0 

10mlCO**^^/-^*(C21iranolWfffc{C^@L/cT i C l 4 »f5:t 

V>T\ hs/^gPKS:«7fc^^/-/Wi:#tC3RaU 2 0©gt (25mg/ml 



- A /cm 2 £A T © ^ffiffiSt 5 Asah 

i inc.«o#att*5^'>-h*w-^$nfcT i o 2 m%(omtfh lt^5 0 

^ffi±ti£»f, *v^—r>f Sft£48%©*©ipWli& 
?njEf;:{£o;fc#SiJ©^:/^-ftT'i©M£28t:i^^ 

450 TCfcftofc^A-^R©;*— ^yfitlSMtS. 
tt'ro#7^V- h£500 t/h 6Diaa&JgET*550 tri^RflU 

^©?as*35^rpsiffi:o 0 -mmmicx*). so~2oo ^-£#1-5 
&mtism& 2 ro«t#-e*> a 0 / -^«t> 5 x i<r 4 M-e*> s 

2 Sffico tKPiSf P£ Cfc »K:fejPf IftiUWK: M^Ml- i © 7 ^vwi» £g 
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_h©T i 0 2 Jf tli§feffl=<-7^ ^^'»fc*g|*^,SrSLTV>5„ 
0. 5M© L i I StF 3 x 10- 3 M»^Jg»^^ / — /V^fK^tf 3 ffif 

ft^-fe^^- — SiSfteftSb^ (incident monochromatic photon to current conver 
sion efficiency , IPCE) y h-fSo ift(*TS;<t *) #bftfc 0 



[C1.24 X 10 3 )x)t^^^S (wA/cm 2 )] 

CD IPCE (*) - 

[jSS(nm)x^^m(W/ni 2 )] 

(sfcSb* 7) ttTS: «t »r»Sfta. 



(2) n = ISCxOCVxFF/P 

_hjSC^, OCVttHBIJ»«£E-t?*5, I SCttffi@B#««*ffi-e*>!K FFI4 
3tW607-f/I/7r^^-(fill factor)T'fo<9, Ptt>JH*IKt^!7-Tfab5 

Wftttf-VK-f y^mm.X'h^O. #ffl««(4~7)(4, ^205 * n y©J?£co«J$ 

K(3)o*sjr«t»)*fmffia, 2>tiH«t$ftT^5. m©l 
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AM 1 ±|»3fe© frt> 9 izmm 1$.7 4 /]^-£r& 9 ttttfcftffi^i? / V 7 ^r/^H 
ffc£ff5o *©3aS(450~600 17 y h/m 2 , HI§I8fiffifi660 ~800mV 

/V-7r^^ — (fill factor) (40. 7 ~0. 75Vt?feS„ ^S,^Sit«?|h,f2:600W/m 2 CD 
Att3rj^fti^*3V>T550mV CD HUE* rtbf450W/m 2 li*3V^T300mV KTt 

(C^f IJ-C& 5 0 7 4fr7T9 9-\%%mm<D 74/U7 7 ??-\mffi. 

5iC5~6%Tfe5 0 

750ml ©*^COO. lMOm®f»^?S{- 125ml ©f^Wy^o^ 



^J?-ffi)S'l4£!k TRITON X-100(40%Ti0 2 )^iPx.5o 
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2X9. 6cm 2 © * § $ ©#Sl 10tf— A /cm 2 © ffiffirC* £ 3 7 * (Asah 

a£#*5oo tn&vvt 



30^Mijfefig-fSo 7>f/VA0^9y^^^*3ffiltSfc», 30% (w/w) ©TRITON X 
405#ffiStt#J£»-f 3o 

m£tlZ>Mm*-<? bMt, 400 -900nm ©ifcgig*fe:&St3^ffi^©60%;$S;7 

2> 0 rftfct, ^Wtt^T^&^ff^ 5nm©T i 0 2 7^/WA|CiS^@i)tXS.t^fC 
SL©fc*"5ITO(C*3^T¥ifl^#@t(flat feature) ^*i" 0 400nm «T©M£tf* 

3-M-5K«ft7^^ASr500 °C{C*5^T 1 B$r B 1«i-5„ &m&^-t?>T i 
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ftjtft©fejS»fc*#?LK7^yVA^450 ~850nm » £ T tlSV^^ h/VfS 

H^vtat^ftiiai-f 5 - 1 set t-Sjt-r s ^ t mst*& 
mw?mmmmmmm tm^?4 ^coasahi mw&# y 



y* v— b«iffif£iSl^Sffi©^H{C2o(7?$?$ 1mm, *gl.5mm, fi$20mmWM 

an^ KT i 0 2 ST-«ttW*^«?ft^*«14^7^S«-(Asahi TCO#77 
m 2 )J:^iS«f, 2fcV^^«f-e30~450 °C (#*L<»450 °C) l^O^M^ 
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240 tlltff?, an^f K^att^9^S«Ji(-i£(f450 <CT*fe£LfcSL * 
«=T i (III) mWifrb^v 



4 KT i 0 2 7^/VA_h(>;T i O 2 »2~3 00l|iS4rl;xi.#*$-ti'. #CV^T*450 °C 

STSl4^7^»fi-eS)5, ?fcVvCJ?£0.7 ^ ©7?i?rK-/LfcSn0 2 
&tW¥£l0^m O3P-fKTi0 2 7^M-e3S)8. i 5 . 

W^/Wit^^^roB^SSit^ffi CfrifcB) ft, TtT|S»T i 0 2 (P25, Degus 
sa AG, hVy, 30%^^i:70%T-^^— ^COS-n-W^rffiV^Co IJlST i C 

tt55m 2 /g-Tfe 19 , »2BnmOiF*&3KiSEK|2E«M-«. ©^i-WTS 
fc*, l|&5|s(12g)S:KSa«*:rt-CT-fef-^T-feh^(0.4ml)S:-&tf'>i©7k (4ml 

) i*C:»#U *frf©W*»fc»C. II, tt£fcb< »T i o 2 *u- MJO© 

««4^-^bJc4MR4*fcft, *a#t«Htftas6*(16^)**o< >9#0*:5^ 
ttiDftJRrS. *tttc, Jf-ffiffitfcW (0.2ml Triton (aW)X-100)*la*.rai 
ti^Oan^ KOftSSrfiat-fSo ftttT C 0#7 ^ Sr 2 o©f ffifex ^ V s 

&mkRfr=-t$tix^ti:^mm%m&ti-&. k (5 #v cm 2 ) 

#-e^!f5o SLf£Lfc«, **&30~550 °C (#*L<«450 -550 °C) Tffifc 
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m^tltcJtmMb LTW7^/VA»#14(i, T i C l 4 »*^f«^^®T i 
0 2 ©$e.^5##i-J:9&^§tl5o 2MOT i C1 4 ©X b y 0°CiC 
^TgiigU IS^tt©JP*^#S£i-i5T i 0 2 ©8fc»&6&<\, 
^^i±*T'0.2 M©T i C l 4 (i#«?U SSJi^^-r5(50Ml/cm 2 ) o 

aClfri^^ 30-550 °C (#J£L<f3:450 -550 t) T^tf^O^fBTJ&J^-f 5„ T 

i (in) Tmmfrhni&nttmtmmz. zoxmttT i o a 7^/p^±ic^y 

, £ro&a&'tf±iB©<J:5fcTi (ill) *i8ifc&»P>0>T i O 2 co»ffi##i4## 

tL5„ Fe 3+ oi^nici ^(D^nmn, t i o 2 irit^at^ft©^?s^ 

SSV^ftiClfettT i C l 4 ^S^e>JP*^(Cii9##L^V\ *fflg«I^, T i 

c i ^mmvMmttmmtttfM^Zo P25 »*nFe 2 o 3 5riooppm*-e^ 

, riittB(iiE$*T-fcfe*©«^«cWS:|ia«1-Sri:ASftie)ix-CV^5 0 TiCl 4 
i 0 2 ©#Jf(Di©^M^='T-§r«-3o 

/W / i^fvV*/V*^>'K?I-n*) ^<Dj?lfe0H<O/V^~£A^fteD3 X 10" 4 M 
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BAS-100 S^^TT"^ ^-(Bioanalytical Systems, USA) £rfflV^T 5 ~20 

1 L i C 1 tSlfeLTl/^*D7i;Vi^ioTV^. itbf4^^ h^tPlC* 
1-*fc>*>r-fe r = r PML< i4^^y-/Hp»0.1 M©n-f h77'f 



(-o^^TliIE^4^T^^/ t eV^^;#:^*^t : 'fcS, Oriel 450W Xe 7>7ltm?\-'M% 

-TSfc^OSchotte 113 L-T^ffl-f-So 

WM^^f b/K4450W<Ddriry y-JtiK^^^f+ftfcSpex Fluorolog II "CfflS 
"f SlJS$^fcM4e^^^ h-A-SU 5 ^*^ r-AIL National Bureau of S 
tandard 150W^ a ^ ^ 9 «t 5 r * 9 - V ^Rgiiftfrf 5 tttK 

toV^*E-f-«. ft*M£ffi«fi, 250~l00(tom©«JKT?1tjE* *bfcSfdWiSaS"sr 
fgftHamamatsu R2658 i$S V -?>V^-y°7 -f \~ T*&3„ -T^TCO^fiji^^S© 
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;i©ig?£«r*J|££it\ R5IL, *R*^3#ifcK:.fc5JttSr3o Oxford Instrumen 

®CW 9 y 9 4 ?§tt^- Kn y ^ ©Nd YAG V— if-^/V^i !- i 9 532nm 

nix DSA WLk*r*?9 M\L*y>f-r}\>T-1-74 J ?— T?8!l£-f 6o r. ©X v^/Wbcyr 
-^^©^ft-flfU #^7vW-£-g-£-fr5„ l^r/A-ftSiiffif-l xio _4 M 

A^iSan^ K-^^>^J;9^£ft/cM&T i 0 2 y^A-A© 
KT© J: 5 K Ltf? w y y°u jj?^ K©lg*##fc: ± t) , ft 



125ml W yy°n^^KS:750ml ©**©0. 1 M©ffiSt^»^L**s 

Wjpx.3„ r«^#^fe^T# a B B «©-^fb^^v<oa:«^^i-5 o rft^so 

JJcV>-C?r©3Ta^ -240 "CfC&^T^ L < ti^r 7 

nv©ip)±^srt-e2~20Ftw, #4L<(4i6B#r^^— h^w-y^a-fSo ft 
mziT-emmmmz^z n t «t u *Rgi-5. r©B#,&-e©«^©«a:»2oog 

, fil^LiiUnion Carbide Carbowax 20MfcL<tt 
Triton X-405?rJP^-Ct r ©xtf J) (iT i O 2 ©30~50Bi/-?~ fe^ h 
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, «X.tt3 X 6cm©Asahi Corp. S©>»SttiH(2^ a - r £ Ktz^fy X £af S 
&S©yVK Mx.«200g/L©T i O 2 S.04O%»Carbowax 20M%^tfl50 /t 1 © 



o Sffi£400 -500 °C, »*L<(4450 t^ffi20^K^-t-5 o 170 

tsuT-ctf— h ? Lfcy"/Ko#^ 405 y n y*^©;*^— tf— 

v&ttiUffckT, 8~i05^c>-©jf:$©T i o 2 7^;wA(r-f-5/cfetr^© 

IfS£2 0ilt>9ig-f„ 
10cm x 10cm©Sffi£ r ©Affile ± 9 JjPI-f -5 C //MS* fy^-f^ ^Sf 

ffit" Sii:Sfl(-l;S*450 -550 °C, £ r *L<i±500 tT? 2~12B#Ffl. &4L<ii 

e^WWT/tt^-rs. fcsaojftKfcfijBojli^icWLrH:, *«£5~io[h] 

, &*L<f47lHl, 500 °CfC*3V^T2~6BtW*fifcL-, ^tpi-lO 
B$MXS±tR, 0. SMffllSfc L< f±0. MMmWz 1 tiffflm *LTmS©*ffiSrgfeKi- 

5 0 «MiJl!:llSP«*«f*UfcT i o 2 -CiB5fti£*5. ftm©^^ 

Ttt, *ffi^^^fe^-#5©(C4~24^H^-efc2»» ^©^ftfettSftKl 

J; 9 XS4filt©^ffl#ai!*-<y h/i'Srajrt-s r. t k £ 9 P^S n t 5 

fPfflHt'tf? b\SlCP 4 :/©ASAHI #«14^7^*»e>SW^SffiSr»i3i-t-5 0 r 
©*fm«i-i4T i 0 2 £r^- h L4V\ *©!S=>*3!9^ **14#7*_ki;: P t ©1 



(electrocatalyst) t LT#ffl-f 5„ 

7°y^f-y7, fly * h L < (I^Scd ± 5 &^SiIttW»<offi»i/- h 

broi»roj£<<0*f1tffiroSafcai3? la, *gl.5mm , fi£20mm<752 

- b fc*f*tf Lt t «fc < , Xtt#?LJtS*lWi©»^Ht#lMi«)ir«KRW-Ct J: 
v\ 

K 15fii%:/n bTwa-s)?*- K 0. 5Mi£ft# I) ^A&tMOniMRSgS: 
^tp 0 3fM©«ffifc£oT«3fje*<OL i I L<t±^ YyT/v*^mtT>^ 

SS^lcA^bnfc«IW^2o©lW©IBica*ft|c«jH-J-«. 
«M«f!lA~E*ift»)igLTt>J:v\ 
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